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The thermal   s tabi l i t ies  of a conmercial  grade of e thyl  decaborane 
CHEF-3) and of decaborane  were investigated at temperatures of 2020 and 
252O C. The products of decomposition are hydrogen  and a boron  hydride, 

and/or ethane. The product  obtained by sew-condensation of decaborane 
has  properties which may permit its use as an a i r c ra f t  fuel. 
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e .a, which is a sol id  or viscous liquid.  Ethyl decaborane also ylelds methane 

:*r i 

The following two equations were developed *om which may be  calcu- 
lated  the  time  required t o  decompose 20 percent of e i ther  decaborane or 
e thyl  decaborane a t  any other  temperature: 

Decaborane : 

HEF-3 : 

where T is temperature i n  OK and tzog is time in minutes  required 
f o r  decomposition of  20 percent of the sample. 

IMTRODUCTION 

A study of the  thermal stabilities of decdorane and of e thyl  deca- 
borane (HEZ7-3) were undertaken at the  NACA L e w i s  laboratory  to  supply 

made t o  obtain knowledge  of the  thermal s t ab i l i t y  of an alkylated deca- 
borane and t o  compare this s t a b i l i t y  with the  previously measured sta- 
b i l i t y   ( r e f .  1) of pentaborane. This work also measured the   s tab i l i ty  
of decaborane fo r  comparison with the  alkylated decaborane and with 

-. data pertinent t o  fuel-system  design and fuel  storage. This study was 
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pentaborane . 
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Measurements were made of the amount of nonvolatile decozTlposition 
I .  

products formed when m-3 or decaborane w a s  heated  for  various times at 
temperatures of 202O and 252O C. \. 

. - A P P g q T u s  AND m o c m  
The HEF-3 or decaborane w a s  heated i n  a cyl indrical   s ta inless-s teel  

bomb 3 inches long having an  outside diameter of 5/8 inch and an inside 
diameter of 11/32 inch. The  volume was approximately .1/4 cubic  inch. 
The bomb was closed w i t h  a 1/8-inch s ta inless-s teel  Hoke valve and heated 
i n  an aluminum block .furnace, which f i t t ed   c lose ly  about the boinb.  The 
furnace was electrically  heated.and  suitably  insulated. A thermocouple 
well extended  through the block t o   t h e  midpoint on the bomb. 

The HEF-3 or decaborane (1.3 g) was placed  directly  in  the weighed 
bomb, Thia t r a n s f  e r  was performed i n  an iner t  atmosphere, The  bomb was 
sealed,  evacuated, welghed, and  placed i n  the furnace-for the desired 
tlme. After removal  from the  furnace, the bomb WRB quenched and the I 
volat i le  material was removed at a temperature of 1100 C on a vacuum =%. 

system until constant  weight w a s  obtained. The d i s t i l l a t i o n  temperature I 

w a s  below the  temperature of decomposition. The  bomb was reweighed t o  .I 

determine  the  nonvolatile  residue. The percent  decomposition was calcu- 
lated  by  dividing  the weight of nonvolatile  residue by the weight of 
nonvolatile  residue that WM found after complete  decomposition of a 
sanq?le of fuel. 

"" - .. . .. 
. .. . " . . . . . .  

REXUKL'S AND DISCUSSION 

Curves of-the  percent of decomposition plotted  against  time  are- 
shown i n  Figure 1 f o r  l3EF"3, decaborane,  and  pentaborane at a temperature 
of 2 0 2 O  C. The data for  pentaborane are  taken from reference 1, The 
curves fo r  EEF"3 and decaborane show a nearly  steady  rate of formation 
of nonvolatile  residue with increase  in the in   cont ras t   to  the decrease 
i n  rate which is  observed fo r  pentaborane. Curves f o r  the percent de- 
coqosit ion  plotted  against  time at a temperature of 2520 C f o r  REF-3 
and decaborane are  shown i n  figure 2. The experiments at 2520 C were 
carried out for a time suff ic ient  t o  decompose the sample completely. 
These curves a l s o  show a nearly steady rate of decomposition, 

l 

Figure 3 shows a plot  of the  reciprocal-of  Kelvin  temperature 
against  the log ( t-zo% - 2 )  where tzo% i s  the time in minutes required 
f o r  decomposition of' 20 percent of the eample. Trjo minutes has been 
subtracted from the- time required for the  decmposition. oP 20 percent. of F I  ' 

the sample i n  order t o  remove from the calculation  the approximate  time 
required t o  bring the sample up to  reaction temperature ( re f .  1). 2 
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These data may be  represented  by the following  equations : 

if 

Decaborane : 

cn 

d 
s 

HEF-3 : 

Pentaborane : 

7 
-3 : the t i m e  required  for 20-percent  decomposition by 

where T is  temperature i n  OK. The times  required  for  other  percentages 
-3 -: of decomposition (i.e., 5 br 10 percent) may be estimated  by  multiplying 

Dercent  decomosition 
20 percent  decomposition 

This  calculation is  based on the assumption of a s t ra ight- l ine dependence 
between the  percent  decomposition  and time; this assumption w i l l  not Lead 
t o  a Lasge absolute  error if used between about I or  2 percent and 75 
percent. In addition,  sfnce  the  experimental  points l i e  below the  straight 
l ines  of figures 1 and 2, the use of this re l a t ion  w i l l '  give a percent 
of decomposition which is somewhat  more than w i l l  actually be obtained. 

The physical  properties of the residue which is obtained From HEF-3 
or decaborane are different   f romthose of the  residue from pentaborane. 
The so l id  product from the pyrolysis of pentaborane  (ref. I) or   ' e thy l  
pentaborane (ref. 2) has no softening  or  melting  point below the tempera- 
ture of i t s  own decomposition in to  boron and hydrogen. A l s o ,  the residue 
obtained from pentaborane, e i t h e r   i n  i t s  light yellow  colored modif ica- 
t i o n  formed at lower temperatures or i n  i t s  darker yellow  modification 
formed at higher  temperatures, has no appreciable  solubili ty  in  penta- 
borane. In contrast ,   the material formed from the  decomposition of 
decaborane is a viscous  liquid which is soluble i n  alkylated decaborane 
or i n  l iquid decaborane. The product formed from the decomposition of 
HEF-3 is  generally similar in s o l u b i l i t y   t o  the product  obtained f r o m  
decaborane. The so lub i l i t y  'of these products in   a lkylated decaborane 

Keepfng the fue l   ho t  but below i ts  temperature of rapid decomposition 
w i l l  further decrease the precfpi ta t ion of residues. The increased tem- 

solution of the residue  in  fuel.  

"? w i l l  decrease  fuel-line  clogging below that observed w i t h  pentaborane. 

j perature w i l l  also  decrease the viscosi ty  of either the residue  or   the 

I 

I 
! 

! 

I 



4 - NACA RM E56124 
4 

Similar to t h e  experience with pentaborane,  pressure  buildup  occurs 
w i t h  decaborane and IIEF-3 because of the  l iberation of hydrogen from 
decaborane  and of' hydrogen  and ethane and/or methane from ethyl  decaborane. 
Analysis of t h e  residue  reveals that nearly all the carbon is lost to   t he  
gas  phase as ethane and/or methane.  Hydrogen is lost   unt i l   the   res idue 
has a boron-hydrogen r a t i o  of approximately 1. From these  results,   the 
m a x i m u m  pressure  buildup gay be  calculated  for any amount of decomposition 
of e thyl  decaborane  and fo r  a known tank ullage. Below 2 0 2 O  C pressure 
buildup is slow and at normal temperatures of storage is suf f ic ien t ly  slow 
t o  permit storage t o  be a practical  operation. s 

co fP 

This study of the decomposition of decaborane wa8 par t  of the  in- 
vestigation of the  self-condensation of decaborane. The investigation 
had as i ts  objective  the  discovery of new boron hydrides which m i g h t  have 
properties  suitable f o r  atrcraf-t  propulsion. The product which is formed 
by t h i s  condensation w i t h  elimination of hydrogen  does not  hydrolyze 
appreciably i n  water. The product is sol~.@le in. ethyl decaborane. Con- 
sistency  of-the  product  varies from a viscous  liquid  to a st icky  sol id .  
The product may be used as an a i r c ra f t  fuel o r  blended w i t h  ethyl deca- 
borane to  increase the heating  value o f t h e  ethyl decaborane. 2-l ' 

e .  

CONCLUSIONS 

The results  indicate that a commercial grade of ethyl  decaborane 
(KEF'-3) is more stable to  pyrolysis  than pentaborane but less stable  than 
decaborane . 

Evaluation of the physical  properties of the  product  obtained from 
the self condensation of decaborane indicate that thfs material may be 
used as a fuel for aircraft-propulsion. 

L e w i s  Flight  Propulsion  Laboratory 
National  Advisory C o m t t e e  for AeronauLics 

Cleveland, Ohio, September 24, 1956 
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Figure 3.  - Reciprocal temperature plotted against logarithm of tine 
required for x) percent decomposition. 
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